The objective of this experiment was to determine the impact of supplemental dietary fat on total lactation energy intake and sow and litter performance during high ambient temperatures (27 ± 3°C). Data were collected from 337 mixed-parity sows from July to September in a 2,600-sow commercial unit in Oklahoma. Diets were corn-soybean meal-based with 7.5% corn distillers dried grains with solubles and 6.0% wheat middlings and contained 3.24 g of standardized ileal digestible Lys/Mcal of ME. Animal-vegetable fat blend (A-V) was supplemented at 0, 2, 4, or 6%. Sows were balanced by parity, with 113, 109, and 115 sows representing parity 1, 2, and 3 to 7 (P3+), respectively. Feed disappearance (subset of 190 sows; 4.08, 4.18, 4.44, and 4.34 kg/d, for 0, 2, 4, and 6%, respectively; P < 0.05) and apparent caloric intake (12.83, 13.54, 14.78, and 14.89 Mcal of ME/d, respectively; P < 0.001) increased linearly with increasing dietary fat. Gain:feed (sow and litter BW gain relative to feed intake) was not affected (P = 0.56), but gain:Mcal ME declined linearly with the addition of A-V (0.16, 0.15, 0.15, and 0.14 for 0, 2, 4, and 6%, respectively; P < 0.01). Parity 1 sows (3.95 kg/d) had less (P < 0.05) feed disappearance than P2 (4.48 kg/d) and P3+ (4.34 kg/d) sows.
INTRODUCTION
The lactating sow requires increased amounts of nutrients for milk yield, which is estimated to be at least 78% of the NE required for the modern prolific sow (Boyd and Kensinger, 1998) . High ambient temperatures negatively affect feed intake in sows. A reduction of 46% in feed intake resulted when sows were exposed to 29°C compared with sows at 18°C (Quiniou and Noblet, 1999) . The reduction in feed intake may be explained as a means to control body temperature (Williams, 1998) ; heat production, associated with digestion and metabolism, simply adds to the burden of dissipating effects of extreme ambient heat (Schoenherr et al., 1986) . Such reduction in feed intake results in decreased mammary size because of the reduced milk output of sows, and consequently reduced progeny growth (Spencer et al., 2003) . Improvements in energy intake may be achieved by supplementing diets with fat. Total feed intake may be reduced, but total caloric intake is increased (Pettigrew and Moser, 1991) . In addition, fat has a lower heat increment associated with digestion and metabolism (Hillcoat and Annison, 1974; O'Grady et al., 1985; Pettigrew and Moser, 1991) , which is particularly important when animals are experiencing heat stress. O'Grady et al. (1985) reported an increase in caloric intake when fat was supplemented to lactating sows exposed to heat stress. The increase in caloric intake increased milk fat and milk output with improved piglet survival and growth (Boyd et al., 1982; Cieslak et al., 1983) . However, fat addition has negative implications for feed manufacturing, such as reduced pellet durability, which increases fines when supplemental fat is above 5.6% (Briggs et al., 1999) .
The supplementation of fat has been demonstrated to have positive effects in the modern and high-producing sow (Quiniou et al., 2008) , but the optimal dietary content of fat has not been determined. The objective of the present study was to evaluate the effects of levels of supplemental animal-vegetable fat blend (A-V) on sow and litter performance, subsequent reproductive performance, and sow heat stress when exposed to high ambient temperatures.
MATERIALS AND METHODS

Experimental Design
Animals were treated humanely and procedures were consistent with the Guide for the Care and Use of Animals in Agricultural Research and Teaching (FASS, 2010) . Protocols were under the supervision of licensed veterinarians.
Three hundred thirty-seven sows (Camborough, PIC, Hendersonville, TN) located in a 2,600-sow commercial research farm in Oklahoma were used in the experiment. The farrowing facility used was divided into 8 sections, with 20 to 24 individual crates. Each week, 2 groups of sows with 20 to 24 sows per group were placed into the farrowing facility. Within each group, sows were randomly assigned to 1 of 4 dietary treatments in a completely randomized design. The first group was placed in July, 2009, and the last group was weaned in September, 2009. Sows were balanced by parity within group, with a total of 113, 109, and 115 sows representing parity 1, 2, and 3 to 7 (P3+), respectively. Feed disappearance was carefully measured in a subset of 190 sows (9 groups), and sow body temperature and respiration rate were measured in another subset of 115 sows (5 groups). Experimental diets were manufactured at a commercial feed mill (Hanor Company, Enid, OK) and chemically verified. Diets were corn-soybean meal based with 7.5% corn dried distillers grains with solubles and 6.0% wheat middlings (Table  1) . Feed samples were analyzed for CP, fat, Ca, and P (Dairy One, Ithaca, NY). Analysis of pellet durability index of feed samples was conducted at the North Carolina State University feed mill. A 500-g sample was used for tumbling in the device for 10 min (ASAE, 1997). Diets were formulated to a constant nutrient to ME ratio, including AA, Ca, P, and vitamins and minerals; diets contained 3.24 g of standardized ileal digestible lysine/Mcal of ME. Grain and protein ingredients were kept constant across diets to eliminate the potential impact of changes in ingredient composition on sow performance. Thus, nutrient-to-energy ratios were maintained by exchanging synthetic AA, macromineral sources, and the vitamin-mineral premix only. All nutrients exceeded the NRC (1998) requirements for lactating sows to support 2,600 g of litter growth per day. Dietary fat (A-V; Sooner Trading LLC, Ravia, OK) was supplemented at 0, 2, 4, or 6% before pelleting. The composition and quality of the fat (Table 2) was determined in 2 representative samples, obtained throughout the study, by a commercial laboratory (New Jersey Feed Laboratory Inc., Trenton, NJ) using AOAC (1990) procedures. Sows were housed and individually fed 1 of the 4 dietary treatments. Sows had adlibitum access to water. Daily temperatures averaged 33 ± 5°C outside and 27 ± 3°C inside the commercial building. This temperature was consistent throughout the farrowing facility during the experiment and ranged from 22 to 27°C. Humidity inside the building averaged 61 ± 10% during the study. Temperature inside the building was regulated by a cool cell system.
Between placement and farrowing, sows were fed 1.82 kg/d of a regular lactation diet. After farrowing, sows were offered dietary treatments twice daily (0800 and 1800 h) to appetite. A computerized feeding system (Howema, Big Dutchman, Germany) was used to deliver dietary treatments to the sows individually, and the daily amount of feed offered to the sows was recorded. Feed disappearance was measured from farrowing to weaning.
Sows were weighed individually at placement (110 ± 2 d of gestation) and at weaning (19 ± 2 d). Sow weight at farrowing was estimated by assuming 0.7 kg of daily BW gain from the day of placement to the day of farrowing based on a daily ME intake of 8 Mcal (Close et al., 1984) minus litter weight at birth, which included pigs born alive, still-born pigs, and mummies, and the estimated weight of the placenta and fluid (Noblet et al., 1985) . Sow BW change represents the difference between BW at weaning and estimated BW at farrowing. Backfat thickness and loin depth were measured at d 112 ± 2 of gestation and at weaning using realtime ultrasound (PigLog 105, SFK-Technology, Herlev, Denmark). Measurements were taken at 2 points on the sow, between the 9th and 10th rib, 10 cm from the mid-line, and between the 3rd and 4th vertebrae of the spine, 10 cm from the mid-line of the sow. These points of measurement were marked with a red marker on each sow, such that measurements were made in the same location at both time points, which minimized variation between sampling. Backfat and loin depth change during lactation were determined by the difference of the measures at weaning and farrowing.
Cross-fostering was done the first day of lactation after 18 to 24 h to allow for colostrum intake from their own mothers. Litter size was standardized to 12 ± 1 pigs according to the standard operating procedures of the commercial farm. Litter weight gain represents the difference between the weight of the litter at weaning (average 19 ± 2 d) and the weight after cross-fostering. Piglet mortality was recorded for each litter. Pigs did not have access to creep feed or supplemental milk during the experiment.
After weaning, sows were returned to the breeding building where subsequent reproductive performance was measured. Data included the number of sows bred within the first 8 d after weaning, weaning to breeding interval, conception rate, farrowing rate, and number of sows culled due to reproductive issues or lameness.
During the first and third week of lactation, rectal temperature, skin temperature, and respiration rate were measured. Data were collected during the time of the highest temperature, which was at approximately 1700 h. Temperature of the room was recorded when measurements were taken and averaged 25 ± 1.6°C for wk 1 and 26.5 ± 1.8°C on wk 3. Rectal temperature was measured using a digital thermometer (M750 Series, GLA Agriculture Electronics, San Luis Obispo, CA), whereas skin temperatures were measured at the udder, flank, and back of the sow using an infrared thermometer (model 63, Fluke, Everett, WA). Sow respiration rate was measured as the number of flank movements per min described by Quiniou and Noblet (1999) . Two measurements of 1 min each were performed for each sow during wk 1 and 3 of lactation. , 11, 023 IU; vitamin D 3 , 1, 763.7 IU; vitamin E, 50.7 IU; vitamin K, 4.4 mg; vitamin B 12 , 0.044 mg; riboflavin, 8.8 mg; 26 .5 mg; niacin, 55.1 mg; thiamine, 3.3 mg; pyridoxine, 3.3 mg; folic acid, 1.21 mg; biotin, 0.28 mg; and phytase, 661 phytase units (Phyzyme, Danisco A/S, Copenhagen, Denmark).
5 Used to color code the control diet. 6 Noblet et al. (1994) .
Statistical Analyses
Sow and litter performance data were analyzed using the Mixed procedure (SAS Inst. Inc., Cary, NC). Before sows farrowed, they were assigned in groups (20 to 24 sows per group) in a completely randomized design with 4 dietary treatments assigned randomly to sows (n = 4 to 9 per treatment per group). Sow parity was used as an independent variable in the model. It varied from 1 to 4 sows per parity within each treatment in each group. The fitted model corresponded to a mixed linear model (Littell et al., 2006) , which included dietary treatment, parity, and dietary treatment × parity interaction as the fixed effects. Group and sows nested within group and the group × dietary treatment interaction were considered as random effects in the model. Number of days of lactation was used as a covariate for sow performance, whereas for litter performance data, days of lactation and weight of the litter after crossfostering were used as covariates.
The Genmod procedure of SAS was used to analyzed subsequent reproductive performance, where the response was binary, and the total number of successes (sows bred, for example) were counted across all replicates. Poisson regression (Ott and Longnecker, 2001) was modeled for the number of successes. The model included dietary treatment, parity, and dietary treatment × parity interaction as fixed effects and the total number of sows as an offset variable.
Body temperature and respiration rate were measured during 2 wk (wk 1 and 3 of lactation) and analyzed as repeated measures (Quinn and Keough, 2007) . A mixed linear model was used that included dietary treatment, parity, week (time), and their interaction as fixed effects, and group and its interactions with treatment and parity as random effects. Repeated measures of the responses were modeled following a compound symmetry structure for the covariance analysis.
Degrees of freedom, least squares means, and SE were calculated applying the correction method of Kenward and Rogers (Littell et al., 2006) . For all variables, dietary treatment degrees of freedom were partitioned into orthogonal contrasts to evaluate linear and quadratic effects of supplemental A-V.
RESULTS
Sow Performance
Pellet durability index decreased as supplemental A-V increased (94, 90, 88, and 69% for 0, 2, 4, and 6% respectively; data not shown). Daily feed disappearance during lactation increased linearly (P < 0.05; Figure  1 ) when A-V was supplemented to the diet. Greater feed disappearance and greater energy density of fatcontaining diets led to a linear increase in the apparent daily energy intake (P < 0.01). Parity 2 sows consumed more feed (4.48 kg/d, P < 0.05) than parity 1 sows (3.95 kg/d), but not more than P3+ sows (4.34 kg/d; Table 3 ). Supplemental A-V did not affect BW of sows at weaning. Overall, sows in all treatments lost BW during lactation, ranging from −0.13 to −0.01 kg/d, but statistical differences (P = 0.62) between treatments were not observed. As expected, P3+ sows were heavier at placement, farrowing, and weaning than parity 2 and parity 1 sows (P < 0.01), and ADG was greater for P3+ (P < 0.01; 0.12 kg/d) compared with negative values for parity 1 (−0.32 kg/d) and parity 2 sows (−0.07 kg/d). Backfat thickness for sows averaged 2.13 ± 0.44 cm at farrowing. Addition of A-V tended (linear, P = 0.10) to decrease backfat loss. Parity 3+ sows seemed to mobilize less fat from the body (−0.25 cm, P < 0.05) than parity 1 sows (−0.31 cm) and parity 2 sows (−0.37 cm), but no differences (P = 0.31) between parity 1 and parity 2 sows were observed. Likewise, P3+ sows had greater loin depth at weaning (5.04 cm, P < 0.05) than parity 1 (4.65 cm) but not parity 2 sows (4.83 cm). Furthermore, during lactation P3+ sows increased the amount of loin depth (0.42 cm, P < 0.05) compared with parity 2 sows (0.10 cm) and parity 1 sows (−0.10 cm).
Litter Performance
Addition of A-V in lactation diets negatively affected piglet mortality in parity 1 sows (P < 0.05; Table 4 ). Consequently, the number of pigs weaned per litter decreased linearly (P < 0.05) as supplemental A-V increased when data were analyzed for parity 1 sows, but an effect of fat was not detectable for parity 2 or P3+ sows (P = 0.98 and P = 0.48, respectively). Supplementation of A-V did not improve litter weight at weaning for young sows (Parity 1 and parity 2 sows). However, A-V enhanced the weight at weaning of litters from P3+ sows (linear, P < 0.05). Similarly, addition of A-V improved ADG of litters from P3+ sows (linear, P < 0.05) but did not affect growth rate in litters from parity 1 and parity 2 sows.
Feed Efficiency
Gain:feed (measured as sow and litter gain relative to feed disappearance) linearly decreased when A-V was added to the diet (P < 0.05; Figure 2 ). Likewise, a linear decrease in gain:energy (kg/Mcal of ME) was observed with increasing A-V in diets (P < 0.01).
Subsequent Reproductive Performance
Important improvements in subsequent reproductive performance were achieved for sows fed supplemental dietary A-V blend. For instance, 25% more sows were bred within the first 8 d after weaning when A-V was added to their diets (P < 0.01; Table 5 ). Also, conception and farrowing rate were improved by the addition of A-V (P < 0.01). Weaning-to-breeding interval was not affected by supplemental A-V. Fifty-three sows were culled during the experiment. The major reasons for culling were health issues such as lameness and re- Figure 1 . Effect of supplemental dietary animal-vegetable blend during lactation on daily feed disappearance and apparent daily energy intake. Symbols represent least squares means ± SEM (n = 46, 51, 44, and 49 sows for 0, 2, 4, and 6%, respectively). Dietary A-V blend and parity effect interactions were not detected for any of the variables (P > 0.05).
2 Parity effect (P < 0.01).
3
Linear supplemental A-V blend effect (P < 0.05).
4
Linear supplemental A-V blend effect (P = 0.10).
5
Parity effect (P = 0.10).
productive issues such as sows not exhibiting estrus and sows not conceiving. Number of sows culled after weaning was greater for sows not fed supplemental A-V compared with sows fed additional A-V (P < 0.01).
Heat Stress
Respiration rate averaged 59 ± 3 breaths/min for the sows in the experiment. Temperature inside the building was 25.0 and 26.5°C for wk 1 and 3, respectively. Respiration rate was less (P < 0.01) during the first week of lactation when compared with the third week of lactation (Table 6 ). Likewise, rectal and skin temperatures were greater when measured at wk 3 compared with wk 1 of lactation (P < 0.01), but no differences were detected due to supplemental A-V (data not shown). Respiration rate was observed to be less in parity 1 sows (51 flank movements/min; P < 0.01) when compared with parity 2 and P3+ sows (62 and 64, respectively).
DISCUSSION
In the present study, lactating sows had ad libitum access to feed and sows fed diets supplemented with A-V had greater feed disappearance and energy intake when they were exposed to moderately high ambient temperatures (27 ± 3°C). Perhaps the inclusion of A-V as an energy source had a positive effect on feed disappearance because of its decreased heat increment associated with digestion and metabolism when compared with corn (Hillcoat and Annison, 1974) . This may be especially important for sows housed at high ambient temperatures. Similarly, Schoenherr et al. (1989) reported a greater feed disappearance for sows fed 10% supplemental choice white grease compared with sows without supplemental fat when housed under heatstress conditions (32°C). From a feed-quality perspective, increased fat negatively affected pellet durability, increasing the amount of fines in the diet. Briggs et al. (1999) demonstrated a dramatic decrease in pellet durability when supplemental dietary fat was above 5.6%. Indeed, in the present study, pellet durability dramatically decreased from 94 to 69% when A-V was added at 6%. This reduction in pellet durability with supplemental A-V may explain, in part, the increase in feed disappearance in our study, because as pellet durability decreases and the amount of fines increases, feed waste is likely to increase.
The increase in feed disappearance in our study did not only result in an increase in ME intake, but also in increased apparent consumption of AA and other nutrients, which may have a positive impact on sow and litter performance. Calculated lysine intake in the present study averaged 52 g/d, meeting the requirement for lactation sows (NRC, 1998; Boyd et al., 2000) . Lysine intake increased linearly when A-V was added in the diets (47.6, 49.7, 54.4, and 54.8 g/d for 0, 2, 4, and 6%, respectively). The lysine requirement to sup- Table 4 Dietary A-V blend and parity interaction effect (P < 0.05).
3
Linear supplemental A-V blend effect when analyzed within parity 1 (P < 0.05).
4
Linear supplemental A-V blend effect when analyzed within parity 3+ (P < 0.05).
port a litter growth rate of 2 kg/d can be calculated to be approximately 50 g/d (Boyd et al., 2000; Usry et al., 2009 ). Thus, sows fed no supplemental A-V in the current study consumed less lysine than required to support the observed litter weight gain. Presumably, litter weight gain was maintained at equal amounts by mobilization of body reserves. Differences in lysine intake in sows fed increasing quantities of A-V could have affected performance of sows and their litters. In our study, differences in feed disappearance were considerable between parities. As expected, parity 1 sows had the least feed disappearance. Likewise, Pelletier et al. (1987) reported that parity 1 sows were unable to increase feed disappearance during lactation when tallow was added to diets.
Because of limitations in the commercial facility, sow BW at farrowing was estimated according to Close et al. (1984) from sow BW at placement, litter birth weight, and the estimated weight of placenta and fluids (Noblet et al., 1985) . Supplementation of A-V to lactating sows in the present study did not affect sow BW at placement, farrowing, or at weaning. In addition, sow ADG was not affected by A-V supplementation. These observations were similar to Stahly et al. (1980) who observed that BW change in lactating sows was unaffected by 10% inclusion of safflower oil.
Sows used in our study averaged 2.1 ± 0.4 cm in backfat thickness, which is similar to Yang et al. (1989) who advised a target level of 2 cm of backfat for sows at farrowing. Under limited feed intake conditions, lactating sows can mobilize a greater proportion of fat from the body (Boyd et al., 2000) , which may be prevented with supplementation of fat to the diet. The amount of backfat lost by lactating sows in the present study was reduced linearly with increasing supplemental A-V blend. Similarly, Shurson and Irvin (1992) observed a 1-mm reduction in backfat loss in sows fed 10% corn oil compared with those not fed fat during lactation. The loss in backfat during lactation in sows in the present study, regardless of dietary treatment, indicates that sows were in negative energy balance as has been reported in other studies (Schoenherr et al., 1989; van den Brand et al., 2000; Quiniou et al., 2008) . It seems that the additional energy supplied by A-V was not used for sow BW gain, but may have been mostly used by the mammary glands for milk fat synthesis (Boyd et al., 1978) . Furthermore, data from our study indicate that parity 1 and parity 2 sows mobilized more body fat than P3+ sows. Presumably, young sows may have to use more nutrient reserves for lactation purposes because of their reduced feed disappearance. This is confirming the studies conducted by Neil et al. (1996) and Sinclair et al. (1996) where parity 1 sows lost more backfat thickness during lactation compared with multiparous sows.
In the present study, piglet mortality in parity 1 sows supplemented with A-V was negatively affected, resulting in a linear reduction in the number of pigs weaned a-c Within a row, means without a common superscript differ (P < 0.05). 1 Dietary fat effect (P < 0.01). Within a row, means without a common superscript differ (P < 0.05). 1 Week effect (P < 0.05). 2 Parity effect (P < 0.05). 3 Week effect (P < 0.001).
in parity 1 sows with increasing A-V. This is contrary to observations of Quiniou et al. (2008) , who reported a reduction from 24.3 to 18.6% in piglet mortality when 5% soy oil was added to lactation diets. Similar to our observations, Averette et al. (1999) reported greater mortality for sows that were fed 10% choice white grease compared with sows not fed fat.
Supplementation of A-V increased litter weight at weaning in mature sows only. Similarly, Averette et al. (1999) observed a 14% improvement in litter weaning weight for sows fed 10% supplemental choice white grease. In a subsequent study, Averette Gatlin et al. (2002) reported a 6% improvement in piglet growth rate when lactating sows were fed 10% additional fat from either medium-chain triglycerides or choice white grease compared with those without supplemental fat. Likewise, in a study conducted by Lauridsen and Danielsen (2004) , the use of 8% of animal fat, coconut oil, palm oil, or sunflower oil increased litter growth rate by 19% compared with sows without supplemental fat. In the present study, litter growth rate was improved by 18% for P3+ sows fed 6% A-V but was not affected in parity 1 or 2 sows. Shurson et al. (1986) reported that multiparous sows responded better to supplemental fat (dried fat product) by increasing milk production. Thus, the difference in response of the young and the mature sow to supplemental fat may be due to the use of a portion of dietary energy in young sows for body growth rather than milk production. Mature sows may be able to use this additional energy to increase milk yield (Boyd et al., 1982; Coffey et al., 1987; Matzat et al., 1990) . Addition of fat has been demonstrated to alter milk composition by increasing the total fat content in sows fed additional fat (Boyd et al., 1982) . Therefore, we expect greater fat intake by piglets and therefore greater deposition of fat as a reserve of energy. Atwood and Harmann (1992) found a high positive correlation between piglet weight and the amount of ingested fat from milk. Improvements in weaning weights with fat supplementation may carry over into the postweaning period as evidenced by improved postweaning survival (Stahly et al., 1980; Tilton et al., 1999) and improved ADG in pigs from sows fed supplemental fat (Averette et al., 1999) .
The efficiency of feed utilization in sows for sow BW gain (or loss) and litter weight gain is an important measure that has received limited attention. Sows in the present study converted 1 kg of feed into 0.52 kg of net BW, considering both sow BW loss (or gain) and weight gain of their litters. Supplemental A-V in lactation diets negatively affected G:F and gain:energy in our study. It is not clear how much of this response is related to the energetic efficiency of utilization of A-V in lactating sows and how much is due to the reduction in pellet quality associated with increasing A-V. Indeed, a reduction in pellet quality will likely result in more feed wasted, which in turn decreases the efficiency of feed utilization in livestock productive systems (Stark, 1994) . From a practical perspective, the amount of feed and its associated cost that is used per unit of BW gain, including wasted feed, is an important economic driver of profitability. Thus, the reduction in G:F measured in the current study with increasing A-V in the diet has important negative consequences on the overall productivity and return on investment in the farrowing facility. High ambient temperatures may negatively affect the reproductive performance of sows. Detrimental effects seem to be more evident in young sows. Clark et al. (1986) observed a longer weaning-to-breeding interval in parity 1 sows during the summer months. Younger animals seem to mobilize a greater proportion of their limited body reserves when feed intake is reduced during lactation (Fernandes et. al., 1990) . In the present study, inclusion of A-V increased feed disappearance and energy intake, and this clearly had a beneficial impact on sows of all parity groups, improving the number of sows bred within 8 d, conception rate, and farrowing rate. Shurson et al. (1986) also observed positive effects in the subsequent reproductive performance for sows fed supplemental dried-fat product during summer months. In addition, Shurson et al. (1986) observed a reduction in the weaning-to-breeding interval from 9.69 d for sows not fed fat to 7.25 d for sows fed 10% fat.
Under commercial conditions, sows with poor performance and fertility are sold as cull sows. Young sows must be retained in the flow for at least 4 reproductive cycles to cover her initial cost and be productive in a commercial system (Foxcroft et al., 2005) . However, some sows are removed due to physical problems or reduced fertility. Data from several commercial sow units during 2006 (USDA, 2008) indicated a culling rate of breeding age females as a percentage of total gilt and sow inventory of 48.8%, increasing from 37.7% in 2000. The number of cull sows may increase during the summer because reproductive issues. In our study, 21.4% of the sows without supplemental fat were culled. This culling rate was reduced with increasing supplemental fat. It is important to mention that 8 sows (2, 1, 3, and 2 sows for 0, 2, 4, and 6%, respectively) died during the study for various reasons. This number of sows was not included in the culling rate shown above.
Sows can control body temperature by increasing heat loss through evaporation or conduction and by reducing heat increment by eating less (Williams, 1998; Quiniou and Noblet, 1999) . Temperature inside the building was above the thermoneutral zone for the lactating sow, which ranges between 12 and 22°C (Black et al., 1993 ). An increase in heat loss through evaporation was observed by Black et al. (1993) when temperature was increased from 18 to 28°C, increasing respiration rate from 20 to 50 breaths/min, respectively. Likewise, lactating sows exposed to 27°C in our study had similar values for respiration rate (59 breaths/min). Quiniou and Noblet (1999) recorded a dramatic increase from 26 to 124 breaths/min when sows were exposed to temperatures of 18 and 29°C, respectively. In our study, respiration rate and body temperature were greater at wk 3 vs. 1 of lactation, which is likely related to increased metabolism of sows due to an increased milk yield, which is evidently greater by the end of the lactation period (King et al., 1993) . However, small differences in room temperature between wk 1 and 3 may have contributed, in part, to the increase in respiration rate and body temperature of sows during wk 3 of lactation.
In the context of a modern prolific sow, the use A-V linearly increased feed disappearance and energy intake. Additional A-V in lactation diets improved litter growth rate in P3+ sows, but was not beneficial for parity 1 and 2 sows. The efficiency of utilization of feed and calories offered to sows was negatively affected by the supplementation of A-V blend. This may have been related, in part, to the reduction in pellet durability and consequently the increase in the amount of fines when A-V was supplemented in the diets. It is clear from these data that the use of body reserves when A-V was not supplemented (below 2%) would compromise rapid return to estrus and subsequent reproduction, especially for parity 1 sows.
